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Aim. To determine the activity of glutathione transferase (GT) and the content of reduced glutathione (GSH) in
the cytosol of the gastric mucosa cells in experimental gastrocarcinogenesis. Methods. The activity of GT was
determined spectrophotometrically, the content of GSH was measured spectrofluorimetrically. Gastrocarcino-
genesis was initiated by 10-week replacement of drinking water by 0.01 % solution of carcinogen N-methyl-
N'-nitro-N-nitrosoguanidine, at the same time the rats were given a diet containing 5 % NaCl. Results. It was
establi- shed that at the end of the 4
th
and 6
th
weeks of consumption of carcinogen and NaCl, the activity of GT
increased by 26 and 94 %, whereas the content of GSH increased by 135 and 85 %, respectively. After 12 weeks
there was a decrease in the activity of GT by 50 % and the maximum decrease in the GSH concentration by 69 %.
At the end of the 18
th
and 24
th
weeks it was recorded the increase in the activity of GT by 44 and 47 % and the
decrease in the GSH content by 55 and 52 %. Conclusions. The changes in the activity of GT and GSH-content
are evi- dence of the violation of glutathione homeostasis, which may cause the delay as well as initiation of
development of the pathology. The reduction of GSH is established at the early stages of tumors formation.
Keywords: glutathione transferase, reduced glutathione, gastric cancer.
Introduction. The glutathione system has a unique ro-
le in the formation of organism resistance to different
chemical and physical factors. This is the most impo-
rtant defence mechanism of the cell, involved in bio-
transformation of exogenous foreign compounds and a
number of endogenous substances, for instance, hydro-
peroxides of polyunsaturated fatty acids – linole ic and
arachidonic acid, the products of peroxide oxidation of
lipids – 4-hydroxy-2-enal, cholesterol-oxide, and
others. This system performs antioxidative functions,
facilitates redox-homeostasis; it includes glutathione-
dependent enzymes (glutathione transferase and gluta-
thione peroxidase) as well as the enzymes of alde-
hydes elimination (glyoxalase I, formaldehyde dehy-
drogenase). However, the highest diversity and sig-
nificance are attributed to the functions of glutathione
transferase (GT) [1] and reduced glutathione (GSH)
which directly or indirectly related to all the deto-
xication stages in both extra-microsomal and micro-
somal media [2]. Similar to thiotransferases [1], GT is
capable of reducing some disulfides demonstrating ex-
pressed glutathione peroxidase activity, while reducing
organic hydroperoxides [2]. Moreover, some GT iso-
enzymes demonstrate higher activity regarding thy-
mine and DNA peroxides compared to glutathione pe-
roxidases [3].
GTs (EC 2.5.1.18) are a group of isoenzymes of the
second phase of detoxication, metabolizing the
majority of exogenous and endogenous hydrophobic
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electrophilic compounds due to conjugation with
glutathione, which results in an increase in their
solubility in water and facilitation of exocytic release
via special ATP-dependent transport systems [5]. GTs
are known to destroy over 3,000 organic compounds of
almost all classes: alkenes, arenes, aralkenes, halogen
compounds and oxygen-containing compounds, deri-
vatives of sulphur, nitrogen, phosphorus, which are to-
xic, carcinogenic, and mutagenic substances, cyto-
statics, pesticides, dyes, medicines, etc. In addition to
the biotransformation of xenobiotics, GTs perform
important functions in the endogenous metabolism of
leukotriens and prostagladins [1]. In the organism GTs
bind such non-substrate ligands as bilirubin, biliary and
fatty acids, steroids, heme derivatives [1, 6], and
thyroid hormones [7]. GTs of classes ì and ð are the
regulators of MAP-kinase cascade, related to the
signalling of cell survival or death [7].
Due to the presence of a reactive sulfhydryl group,
the tripeptide glutathione takes part in numerous
metabolic reactions [4]. In particular, it sustains the
functional activity of membranes, participates in the
protein synthesis as a storing and transporting form of
cystein, is involved in transpeptidation of amino acids,
the synthesis of DNA predecessors (reaction of re-
ducing ribonucleoside diphosphates to desoxyribo-
nucleoside diphosphates) and the simulation of the
conformation of protein molecules and the regulation
of enzyme activity [2]. It is the main redox-buffer of the
cell [4]. A very important function of GSH is to elimi-
nate peroxide compounds using glutathione peroxi-
dases and detoxication of xenobiotics and organic pe-
roxides, implemented by GT.
Intensification of research of this enzyme in car-
cinogenesis, in gastric carcinogenesis, in particular, is
caused by numerous data on the increase in the GT
activity [1] and expression [7] (some of the isoforms,
in particular) for most cases of malignant growth as
well as recently discovered capability of GTs of some
classes to simulate the work of signalling pathways,
related to the apoptosis and cell proliferation [7, 8]. In
the breakdown of cancer morbidity and mortality
gastric cancer is rated the second after lung cancer [9,
10]. The frequency of diagnosing early forms of gastric
cancer is less than 10–20 %, and regional metastases
are found in 83 % of patients with primary cancer [11].
At the same time the study of the early stages of patho-
logy may be a basis for understanding pathogenesis
and, even more, for the improvement of treating pa-
tients with gastric cancer.
Taking the abovementioned into account and con-
sidering the oxidative stress as a key factor in the pa-
thogenesis of gastric cancer [10, 12], we have studied
the activity of GTs and the content of main low-mole-
cular thiol – GSH – in cytosol of the gastric mucosa
cells under conditions of experimental gastric car-
cinogenesis.
Materials and Methods. The experiments were
conducted using white male rats (n = 80) with the initial
weight of 100 ± 20 g.
Gastric carcinogenesis was initiated by replace-
ment of drinking water with 0.01% solution of carcino-
gen N-methyl-N’-nitro-N-nitrosoguanidine (MNNG)
for 10 weeks while the rats were given a diet, contain-
ing sodium chloride (5% NaCl of dry weight). After
this period the animals were fed with standard vivarium
diet till the end of the 24
th week [13]. Then they were
killed by the cervical vertebrae dislocation. The mu-
cous membrane of the extracted stomach was turned
outward and fixed in neutral 10 % solution of formalin
for histological investigations, the mucous membrane
cells were extracted from other stomachs for bioche-
mical analysis. The sampling of experimental material
was performed at the end of the 4th, 6th, 8th, 10th, 12th,
18th, and 24th weeks. The control group of animals was
fed with the standard diet.
The development of investigated pathology was
diagnosed visually and histologically. The extracted
stomach was fixed in 10 % neutral buffered formalin,
and embedded with paraffin after the standard histo-
logical treatment. The cuts of 5–7 ìm were stained
with Boehmer hematoxylin and subsequent addition of
eosine and orange G [14]. The obtained preparations
were analyzed at the light-optical level using Olympus
BX-41 microscope (Olympus Europe GmbH, Japan);
the micropictures were obtained with Olympus C-5050
Zoom digital camera (Olympus Europe GmbH); the
morphometry was performed using WCIF ImageJ
software.
The cells of gastric mucosa (mucous membrane)
were isolated by the method, based on the enzymatic
disaggregation of cells using pronase [15, 16]. This
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method presupposes turning the mucous membranes
of the isolated stomachs outward using ligatures, filling
them with the pronase solution (1 mg/ml), incubating
(30 min, 37 °C) at intense stirring in the medium,
saturated with 95 % O2 and 5 % CO2, and harvesting the
disintegrated cells. To obtain cytosol the isolated cells
were homogenized on ice in a small teflon
Potter-Elvenjem homogenizer. The homogenate was
centrifuged at 20,000 g for 15 min (4°C) at Sigma
centrifuge (USA). GT-activity and GSH content were
revealed in the supernatant. At last, 0.01 M of formic
acid was added to homogenate (1:1) to precipitate the
proteins [17].
The GT activity was determined by the optic den-
sity of S-(2,4-dinitrophenil)-glutathione (the product
of glutathione conjugation with 1-chlor-2,4-dinitro-
benzol) which is characterized by the adsorption maxi-
mum at  = 346 nm [18]. The reaction mixture contai-
ned 1.5 ml of 0.1 M phosphate buffer (pH 6.5), 0.2 ml
of 10 mM of GSH, 0.1 ml of the supernatant. The
reaction was launched by the addition of 0.02 ml of 0.1
M 1-chlor-2,4-dinitrobenzol. The surplus of the optic
density was registered for 4 min at  = 346 nm and ex-
pressed in the conjugate nanomoles per 1 ml of cytosol
protein for 1 min.
The GSH content was registered using ortho-
phthalic aldehyde, the reaction of the latter with GSH
results in the formation of highly fluorescent products
(ex = 350 nm, em = 420 nm) [17]. The final mixture for
the analysis consisted of 100 ìl of the supernatant,
diluted tenfold with 0.1 M phosphate buffer with 5 mM
EDTA (pH 8.0), 1.8 ml of phosphate-EDTA buffer and
100 ìl of ortho-phthalic aldehyde (1 mg/ml in metha-
nol). The fluorescence intensity was measured at 420
nm with the activation of 350 nm after 15 min
incubation at room temperature. The calibration curve
was built to determine GSH concentration.
The protein concentration was registered by Brad-
ford’s method [19]. The measurements were performed
using Ultrospec 1100 pro spectrophotometer (Amer-
sham Biosciences) and RF-510 spectrofluorometer
(Shimadzu).
The experimental data were processed by common
methods of the variance analysis with 10 repeats. The
reliability of discrepancies between two samplings was
determined using Student’s criterion. The results are
presented in the values of the arithmetic mean and
mean square error, M ± m [20].
The investigations are in good agreement with the
main requirements to keeping and working with
laboratory animals in accordance to the rules of the
European Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific
Purposes (Strasbourg, 1986) as well as with the ethic
norms specified in the Ukrainian legislation.
Results and Discussion. The carcinogen MNNG,
inducing in rats the formation of tumors, morpholo-
gically and histologically similar to those, diagnosed in
humans, was used to induce the experimental gastric
carcinogenesis [21].
This carcinogen was chosen as an inducer of
malignant transformation because people are affected
by carcinogenic substances, similar to MNNG, during
intragastric nitrosylation of such natural guanidine
compounds as L-arginine and creatinine by food
nitrates in the presence of hydrochloric acid [22]. High
salt concentration impairs the mucus barrier in the
stomach, causes the inflammation, diffuse erosion and
degradation. It is highly probable that the consumption
of high amounts of salt increases the risk of gastric
cancer in humans [21].
The investigators use 0.01 % MNNG solution to
create the experimental model of precancerous changes
in the stomach [23]. It was established that the con-
sumption of MNNG solution for 4 and 6 weeks causes
an increase in the GT activity by 26 and 94 % respecti-
vely, compared to the control (Fig. 1). These changes
may be explained by intensification of the metabolic
inactivation of the carcinogen by the gastric mucous
membrane cells due to the conjugation of the
xenobiotic and GSH, the level of which also increased
(by 135 and 85 %) in the same periods of investigation
(Fig. 2). The latter proves the literature data, indicating
GT as an inducible enzymes. The activity of these en-
zymes considerably increases when introducing diffe-
rent xenobiotics, including carcinogenic substances
[1].
GTs destroy xenobiotics, inactivating them che-
mically and physically. Physical inactivation consists
in binding xenobiotic molecules with ligandin sites of
GTs which results in temporary decrease in their
concentration in the cell. GTs are assumed to transport
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xenobiotics and transfer them to the enzymes of the
first phase of detoxication – P450 cytochrome, and mo-
nooxygenases, while the oxidized product is used in the
transferase reaction. Chemical inactivation is imple-
mented via the catalysis of two types of reactions:
nucleophilic binding of the GSH thiol group to the
substrate electophilic center and nucleophilic substi-
tution for glutathione of the electrophilic atom of
carbon, nitrogen, sulphur or phosphor [8].
Therefore, GTs bind numerous hydrophobic sub-
stances, but chemically destroy only those with the
electrophilic center [1]. Most reactions, catalyzed by
GTs, result in the formation of thioethers which are
glutathione conjugates; GSH is irreversibly lost. Then
the thioethers are transported by the blood flow into the
liver, where they are transformed into cysteic conju-
gates. The latter are N-acetylated and transformed into
non-toxic mercapturic acids, excreted with urine [24].
It seems logically to assume that GT induction at
the MNNG introduction is a defence mechanism of the
organism. However, the metabolic activation of some
xenobiotics and their transformation into strong
alkylators, capable of destroying DNA, were registered
for GT. Alkylnitrosoguanidines [1], the structure of
which is similar to that of MNNG, are an example of
such compounds. In this case the stimulating effect of
MNNG in the pathogenesis of chemically induced
gastric cancer is conditioned by the activation of this
compound by glutathione transferase.
Taking the abovementioned into consideration, it is
difficult to determine a role of GT activation in the
development of the pathology in question, as it can be
both inhibitory (via intensification of carcinogen
evening-out) and stimulation due to the metabolic
activation of the carcinogen.
In acidic medium of the stomach, MNNG is tran-
sformed into N-methyl-N’-nitroguanidine with the re-
lease of nitrous acid. This active form of carcinogen is
capable of alkylating DNA and RNA purine bases of
epithelial cells with the formation of 7-methylguanine
and 3-methyladenine [25] and the occurrence of muta-
tions [26], as well as conditioning the methylation of
proteins [23] and generation of active forms of oxygen
[27].
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Fig. 1 Glutathione transferase
activity in the cytosol of gastric
mucous membrane cells. *DPG –
S-(2.4-dinitrophenil)-glutathione;
**p <0.05 (difference reliability
compared to the indices of the
control group of rats). The axis of
abscissas – the period of observing
(weeks) MNNG effect
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Fig. 2 The content of reduced
glutathione (GSH) in the cytosol of
the gastric mucous membrane cells.
*p < 0.05 (difference reliability
compared to the indices of the
control group of rats). The axis of
abscissas – the period of observation
of MNNG effect (weeks)
A decrease in the thickness of the mucous mem-
brane and in the depth of the intestinal crypts was dis-
covered after four weeks of MNNG effect. At the same
time the area of parietal and main cells and their nuclei
increased by 20–30 % (Fig. 3, b, see the insert). The
latter may testify to the enhancement of the functional
activity of cells, the main function of which is known to
be the secretion of the hydrochloric acid into the gastric
lumen and the production of mucus, probably for the
protection against the damaging factor. At the end of
the 6th week of MNNG effect there were changes in the
morphofunctional state of the gastric mucous
membrane, which is evidenced by the extension of
gland lumens, the extension and plethora of vessels, the
desquamation of epithelial cells, and the increase in the
mucus production (Fig. 3, c, see the insert).
At the stage of the 8th and 10th weeks of the study on
experimental gastric carcinogenesis the level of GT-ac-
tivity corresponded to that of the control animals.
The decrease in GT-activity to the control indices
compared to previous periods may be related to the reli-
able decrease in GSH content (by 34 %) during the 8th
week. Here the participation of GTs in the processes of
chemical detoxication may be impaired. However phy-
sical destruction is also probable and it consists in non-
covalent binding to ligandin sites of the enzyme of hy-
drophobic substances, including nitroso compounds [1, 2].
In conditions of the oxidative stress some GT repre-
sntatives (for instance, GTP1-1 of ð family) are signi-
ficant for the self-defence mechanism. When the glu-
tathione pool is exhausted, the nitrosylated glutathione
nitrosylates Cys47 and Cys110 residues of one of GT
subunits. Due to the negative cooperation the reactio-
nary active residue Cys47 of another subunit is abscon-
ded from nitrosylation and retains its capability of a ty-
pical transferase reaction [8], which may be the reason
of retaining GT activity during the 8th week in the range
of control values.
After the MNNG effect for 8 weeks the gastric
mucosa demonstrates the extension of gland lumens,
the extension and plethora of vessels as well as the
features of inflammation, the atrophic changes of the
surface epithelium (Fig. 4, a see the insert). Some
samples demonstrated gastric erosion and ulcers. The
consumption of MNNG by animals for 8 weeks causes
reliable thinning of the mucous membrane and
decrease in the depth of gastric pits.
At the next stage of investigation (the 10th week) the
intragastric content of GSH corresponded to the control
values. In conditions of physiological values of GSH
content the nitrosylated glutathione is transformed into
dinitrosyl-diglutathionyl-iron complex (DNDGIC)
with extremely high affinity to GT; the catalytic
activity of the subunit, related to the complex
formation, is lost. In these conditions the conformation
of the other subunit changed with the decrease in the
affinity to DNDGIC, however, it does not prevent the
occurrence of its transferase activity via the
involvement of the abovementioned self-defence
mechanism [8]. At the end of the 10th week of MNNG
effect there were considerable morphofunctional
changes in the gastric mucosa (mucous membrane), its
thickening, the extension of the gland lumens, the
inflammation, some metaplastic and atrophic changes
in the surface epithelium (Fig. 4, b, see the insert).
There are areas with hyperplastic changes, some cells
with atypia and hypertrophic modifications.
The decrease in GT activity by 50 % as well as
maximal decrease in GSH concentration by 69%,
compared to the control values, were registered after 12
weeks. The registered decrease in the enzymatic
activity may be related to the formation of conjugates,
capable of inhibiting GT [1].
In conditions of long-term GSH deficiency the
third function of GT – covalent binding of strong
electrophils, active metabolites of carcinogen – can be
performed completely. This interception of alkylators
inactivates the enzyme, but it is an additional defence
mechanism of the cell. This capability of the enzyme is
promoted by its high affinity to hydrophobic
substances and large amount in the cell [2, 8].
It should be noted that the signs of malignant
transformation were revealed on histological
preparations of the gastric mucosa as early as during
the 12th week of the experimental gastric carci-
nogenesis (Fig. 4, c, see the insert). At the end of the
12th week the gastric mucosa undergoes significant
changes, there are the extension of gland lumens,
inflammation signs, atrophic and metaplastic modi-
fications, sites with hyperplastic impairments, and
some cells with atypia. Some rats had gastric erosions
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and ulcers. Some animals had adenomas and one
adenocarcinoma.
At the end of the 18th and 24th weeks of the ex-
perimental gastric carcinogenesis the GSH concen-
tration in the gastric mucosa decreases by 55 % and 52
% respectively. The increase in GT activity by 44 %
and 47 % compared to the control was registered in the
same periods of the study. This increase may be caused
by the increase in the number of endogenous substrates
as the stimulation with carcinogen-xenobiotic was
terminated at the 10th week. It may be related to the in-
duction of the enzyme by the products of the peroxide
oxidation of lipids. The result of the reactions of
reducing organic peroxides to alcohols by glutathione
transferases is oxidized glutathione which is capable of
being reduced by glutathione reductase later.
Starting from the 18th week 70 % of rats had the
neoplasms in the pyloric part of the stomach, which
were in the form of local dish-like thickenings of the
gastric mucosa with a bowl in the center (Fig. 5, see the
insert), the histological studies demonstrated their
similarity to adenoma and adenocarcinoma (Fig. 6, b, c,
see the insert). The cuts of gastric mucosa had visua-
lized deformed glands, dysplastic changes, cell atypia
and regenerative hyperplasia with erosions and ulcers.
Taking into consideration the complicated process
of regulating GT activity as well as the impact of
MNNG xenobiotic and its derivatives, it is difficult to
determine unambiguously the significance of this
enzyme at each stage of MNNG-stimulated gastric
carcinogenesis. However, there is no doubt that GTs
and the system of their functioning play an important
role in the cell transformation not only due to defence
from free radicals, degradation and removal of exo- and
endogenous electrophilic compounds from the
organism, however, this system can be also involved in
the stimulation via the generation of additional
metabolically aggressive derivatives of the carcinogen.
Conclusions. The changes in glutathione
transferase activity and concentration of reduced
glutathione testify to the impairment of glutathione
homeostasis, which may be related to both delay and
initiation of the pathology development. The decrease
in GSH content at the early stages of tumor formation
has been discovered.
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Summary
Ìåòà. Âèçíà÷èòè ãëóòàò³îíòðàíñôåðàçíó (ÃÒ) àêòèâí³ñòü ³
âì³ñò â³äíîâëåíîãî ãëóòàò³îíó (GSH) ó öèòîçîë³ êë³òèí ñëèçîâî¿
îáîëîíêè øëóíêà çà óìîâ åêñïåðèìåíòàëüíîãî ãàñòðîêàíöåðîãå-
íåçó. Ìåòîäè. ÃÒ-àêòèâí³ñòü âèçíà÷àëè ñïåêòðîôîòîìåòðè÷-
íèì ìåòîäîì, âì³ñò GSH – ìåòîäîì ñïåêòðîôëóîðèìåòð³¿.
Ãàñòðîêàíöåðîãåíåç ³í³ö³þâàëè 10-òèæíåâîþ çàì³íîþ ïèòíî¿
âîäè íà 0,01 %-é ðîç÷èí êàíöåðî- ãåíó N-ìå-
òèë-N'-í³òðî-N-í³òðîçîãóàí³äèíó ç îäíî÷àñíèì ïåðåâåäåííÿì
ùóð³â íà êîðì, ÿêèé ì³ñòèòü 5 % NaCl. Ðåçóëüòàòè. Ïî
çàê³í÷åíí³ 4- ³ 6-òèæíåâîãî ñïîæèâàííÿ ùóðàìè êàíöåðîãåíó ³
NaCl ÃÒ-àêòèâ- í³ñòü çðîñòàëà â³äïîâ³äíî íà 26 ³ 94 %, òîä³ ÿê
âì³ñò GSH – íà 135 ³ 85 %. ×åðåç 12 òèæí³â ñïîñòåð³ãàëè çíè-
æåííÿ àêòèâíîñò³ ÃÒ íà 50 % ³ ìàêñèìàëüíå çìåíøåííÿ êîíöåí-
òðàö³¿ GSH íà 69 %. Ï³ñëÿ 18 ³ 24 òèæí³â çàô³êñîâàíî çðîñòàííÿ
ÃÒ-àêòèâíîñò³ íà 44 ³ 47 %òà çíèæåííÿ âì³ñòó GSH íà 55 ³ 52 %.
Âèñíîâêè. Çì³íè ÃÒ-àêòèâíîñò³ ³ êîíöåíòðàö³¿ GSH ñâ³ä÷àòü ïðî
ïîðóøåííÿ ãëóòàò³îíîâîãî ãîìåîñòàçó, ùî ìîæå ïðèçâîäèòè ÿê
äî çàòðèìêè, òàê ³ ³í³ö³àö³¿ ðîçâèòêó ïàòîëîã³¿. Âñòàíîâëåíî çíè-
æåííÿ âì³ñòó GSH íà ðàíí³õ ñòàä³ÿõ ôîðìóâàííÿ ïóõëèí.
Êëþ÷îâ³ ñëîâà: ãëóòàò³îíòðàíñôåðàçà, â³äíîâëåíèé ãëó-
òàò³îí, ðàê øëóíêà.
Ì. À. Òèìîøåíêî, Î. À. Êðàâ÷åíêî, Ë. Í. Ãàéäà, Î. Â. Ëèí÷àê,
Í. È. Ðóæèöêàÿ, Ë. È. Îñòàï÷åíêî
Ãëóòàòèîíòðàíñôåðàçíàÿ àêòèâíîñòü è ñîäåðæàíèå
âîññòàíîâëåííîãî ãëóòàòèîíà â öèòîçîëå êëåòîê ñëèçèñòîé
îáîëî÷êè æåëóäêà êðûñ ïîñëå âîçäåéñòâèÿ êàíöåðîãåíà
N-ìåòèë-N'-íèòðî-N-íèòðîçîãóàíèäèíà
Ðåçþìå
Öåëü. Îïðåäåëèòü ãëóòàòèîíòðàíñôåðàçíóþ (ÃÒ) àêòèâíîñòü è
ñîäåðæàíèå âîññòàíîâëåííîãî ãëóòàòèîíà (GSH) â öèòîçîëå
êëåòîê ñëèçèñòîé îáîëî÷êè æåëóäêà â óñëîâèÿõ ýêñïåðèìåíòàëü-
íîãî ãàñòðîêàíöåðîãåíåçà. Ìåòîäû. ÃÒ-àêòèâíîñòü îïðåäåëÿëè
ñïåêòðîôîòîìåòðè÷åñêèì ìåòîäîì, ñîäåðæàíèå GSH – ìåòî-
äîì ñïåêòðîôëóîðèìåòðèè. Ãàñòðîêàíöåðîãåíåç èíèöèèðîâàëè
10-íåäåëüíîé çàìåíîé ïèòüåâîé âîäû íà 0,01 %-é ðàñòâîð êàíöå-
ðîãåíà N-ìåòèë-N'-íèòðî-N-íèòðîçîãóàíèäèíà ñ îäíîâðåìåííûì
ïåðåâåäåíèåì êðûñ íà êîðì, ñîäåðæàùèé 5%NaCl. Ðåçóëüòàòû.
Ïî îêîí÷àíèè 4 è 6 íåäåëü ïîòðåáëåíèÿ êðûñàìè êàíöåðîãåíà è
NaCl ÃÒ-àêòèâíîñòü óâåëè÷èëàñü ñîîòâåòñòâåííî íà 26 è 94 %,
òîãäà êàê ñîäåðæàíèå GSH – íà 135 è 85 %. ×åðåç 12 íåäåëü íà-
áëþäàëè ñíèæåíèå ÃÒ-àêòèâíîñòè íà 50 % è ìàêñèìàëüíîå óìåíü-
øåíèå êîíöåíòðàöèè GSH íà 69 %. Ñïóñòÿ 18 è 24 íåäåëè çàôèê-
ñèðîâàíî âîçðàñòàíèå àêòèâíîñòè ÃÒ íà 44 è 47 %, à òàêæå ñíè-
æåíèå ñîäåðæàíèÿ GSH íà 55 è 52 %. Âûâîäû. Èçìåíåíèÿ ÃÒ-
àêòèâíîñòè è êîíöåíòðàöèè GSH ñâèäåòåëüñòâóþò î íàðóøåíèè
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ãîìåîñòàçà ãëóòàòèîíà, ÷òî ìîæåò âûçûâàòü êàê çàäåðæêó,
òàê è èíèöèàöèþ ðàçâèòèÿ ïàòîëîãèè. Óñòàíîâëåíî ñíèæåíèå
ñîäåðæàíèÿ GSH íà ðàííèõ ñòàäèÿõ ôîðìèðîâàíèÿ îïóõîëåé.
Êëþ÷åâûå ñëîâà: ãëóòàòèîíòðàíñôåðàçà, âîññòàíîâëåííûé
ãëóòàòèîí, ðàê æåëóäêà.
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